A nanosiliceous zeolite has been synthesized using hydrothermal method. Theoretically, nanosiliceous zeolite contains a lot of silanol group which allow the functionalization process for surface modification. Siliceous zeolite of the type silicalite (Sil) has been synthesized hydrothermally at 150 o C for 4 days. The silicalite material was then functionalized with silane derivatives i.e 3-(triethoxysilyl)-propylamine (APTES), octadecyltrichlorosilane (OTS) and (3-mercaptopropyl)-trimethoxysilane (MPTS) using postsynthesis method. XRD results showed the formation of silicalite phase crystallinity. The FTIR result showed that Sil-OTS gave the highest intensity of the vibration assigned for silane derivative, followed by Sil-APTES and Sil-MPTS. The BET surface area of the functionalized-Sil decreased, showing the attachment of silane derivatives to silicalite has occurred. FESEM results showed sheet of hexagonal stick together to form granule-like crystal morphology of functionalized-Sil samples with larger particle size was observed for Sil-OTS, followed by Sil-APTES and Sil-MPTS after functionalization process. The functionalized-Sil sample is expected to be a good support for chemosensor molecules.
1.0 INTRODUCTION
Zeolites have drawn increasing attention in recent years because of their well-defined crystalline structures with uniform micropores. 1 The synthesis of nano-meter sized zeolites has received much attention due to the utility in fundamental studies of zeolite growth such as, in preparation of ultra-thin zeolite films and nanocomposite, and also for catalytic and photochemical reactions.
Generally, nanosized zeolite crystals are hydrothermally synthesized under microwave irradiation. 2 The external surface area of nanoscale zeolites is up to an order of magnitude larger than the external surface area for micrometer sized zeolites and provides an additional surface area for reaction, and further functionalization. This surface functionalization of the zeolites are widely used in biomedicine and diagnosis such as, biomedical imaging, 3 and drug delivery, 4 and in the development of low dielectric materials for the semiconductor industry. 5, 6 So far three methods for the functionalization of silica were reported. Firstly, the post-modification (grafting) method, where a subsequent grafting of colloidal nanosilica was prepared by using alkoxysilane as a sol-gel precursor and aminoorgano functional alkoxysilane as a modifier. Secondly, in situ modification (cocondensation method), where simultaneous modification of silica via preparation of colloidal nanosilica using alkoxysilane and modifier. Finally, incorporation modification method, the incorporation of organic groups as bridging components directly into the pore by the use of organosilica precursors for the production of periodic organosilicas. 7 This method can be used to immobilize different types of chromophores into suitable porous nanosilica derivatives according to the type of analytes.
The focus of this work is on the synthesis and characterization of nanosiliceous zeolite of the type silicalite and its functionalization with silane derivatives. Synthesis of silicalite (purely siliceous form of ZSM-5) has been reported by several groups. [8] [9] [10] [11] [12] The silicalite is of interest as it has the MFI type structure and purely formed siliceous silicalite could provide surface silanol that can facilitate the functionalization with silane derivatives. The functionalization of silane agent on the surface of nanosiliceous zeolite is expected to have a good linkage to bind silica-based material with luminol for chemosensor application.
2.0 EXPERIMENTAL

Materials and Methods
Chemicals used for the synthesis viz., tetraethyl orthosilicate (TEOS, Merck) as silica source, tetrapropylammonium hydroxide, (TPAOH, Merck, 40 wt.% in water), as template, sodium hydroxide pellet, (NaOH, Merck) as an alkaline source, and ethanol (EtOH, Merck) were purchased from the commercial sources and were used as received. For the functionalization, 3-aminopropyltriethoxysilane (APTES, Merck), 3-mercaptopropyltrimethoxysilane (MPTS, Merck) and octadecyltrichlorosilane (OTS, Merck) were used as silane derivatives to be functionalized to the nanosiliceous zeolite. Toluene was used as solvent in the functionalization method.
A Bruker D8 X-ray diffractometer with Cu Kα target was used to collect XRD powder patterns for the samples. The presence of tetrahedral TO 4 (T = Si or Al) bonding is determined by using Fourier Transform Infrared Spectroscopy, FTIR (Perkin Elmer series 1600). The spectrum was elucidated for zeolite framework structure at wavelength between 400-4000 cm⁻¹. The Brunauer-Emmett-Teller (BET) method was used to determine the surface area of obtained silicalite. The morphology of silicalite was elucidated using Field Emission Scanning Electron Microscopy, FESEM (JEOL).
Synthesis of Silicalite
Silicalite has been synthesized from clear gel solutions according to the general procedure of Petushkov and co-workers 6 with several modifications. Silicalite was hydrothermally synthesized using molar ratio as tabulated in Table 1 . Firstly, tetraethylorthosilicate, TEOS (26.04 g, 0.12 mol) was added to the tetrapropylammonium hydroxide, TPAOH (22.88 g, 0.11 mol) with constant stirring. Sodium hydroxide (0.032 g, 8.0 x 10 -4 mol) in distilled water (24.65 g) was then added to the mixture of TEOS and TPAOH solution drop wise. The mixture was stirred for 1 h in an oil bath at 60-70 o C. The mixture was then transferred into stainless steel autoclave with PTFE liner and heated in an oven at 150 o C for 4 days. The product obtained after heating was centrifuged for about 20 min to separate the solid product from supernatant. The obtained solid sample was washed once with ethanol (50 mL) and twice with deionized water (100 mL) followed by drying in an oven at 90 o C overnight. The dried sample was then calcined at 600 o C for 6 h to remove the organic template. 
Functionalization of Calcined Silicalite
Functionalization with silane derivatives containing amine group was carried out by refluxing a mixture of silicalite (2 g) and 3-aminopropyl-triethoxysilane (APTES) (2 g, 9.05 x 10 -3 mol) in toluene (60 mL) for 4 h. The solid was separated by centrifugation and washing with toluene. Functionalization with silane derivative containing thiol groups was carried out by refluxing a mixture silicalite (2 g) and 3-mercaptopropyltrimethoxysilane (MPTS) (2 g, 0.01 mol) in toluene (60 mL) for 4 h followed by centrifugation and washing of the silicalite powder with toluene. For functionalization with octadecyltrichlorosilane (OTS), silicalite (0.5 g) was immersed in toluene (5 mL) containing OTS (0.19 g, 500 µmol). Then the suspension was shaken for 5 min at room temperature. The solid was collected by centrifugation and lastly dried at 90 o C for 5 h.
3.0 RESULTS AND DISCUSSION
Synthesis and Characterization of Silicalite
X-ray powder diffraction patterns of silicalite and silicalite-EtOH is shown in Figure 1 . The result showed that the synthesized samples possess crystalline structure with the peaks pattern corresponding to MFI type zeolite. which corresponds to the to the double D5R ring, confirmed the formation of MFI type structure. The band observed at ca. 458 cm -1 is attributed for Si-O-Si bending vibrations while an intense band at ca. 1100 cm -1 is assigned for asymmetric stretching of tetrahedral SiO 4 are non structural sensitive. Table 2 summarizes the main IR stretching bands of silicalite samples. 
Functionalization of Silane Derivatives to the Silicalite
The X-ray powder diffraction patterns of silicalite after functionalization process is shown in Figure 3 . No significant changes of the diffractograms were observed after functionalization process, which indicated that the crystalline structure of silicalite particles was retained. The crystallite size of functionalized silicalite samples increased slightly after the functionalization process. Sil-OTS sample gave the largest size among the functionalized silicalite samples suggesting that higher numbers of OTS molecule has been functionalized on silicalite. Another reason for larger size shown by Sil-OTS sample might be due to OTS having larger molecular size as compared to APTES and MPTS silane derivatives Table 3 shows the crystallite size of the functionalized silicalite samples Figure 4 shows the FESEM micrograph of silicalite and silicalite after the functionalization process. The morphology of the samples is a sheet of hexagonal stick together to form granule like crystal and the silicalite morphology does not change significantly after functionalization with silane derivatives. However, the particle size of silicalite increased after functionalization process. Table 4 shows the average particle size calculated from the FESEM results. Sil-OTS shows the largest particles compared to the Sil-APTES and Sil-MPTS with 2-fold increase in particle size as compared to silicalite. The results from FESEM is in good agreement with the results obtained from estimated size calculated from Scherrer's equation (Table 3 ) The FTIR spectra of silicalite after functionalization with APTES, MPTS and OTS are illustrated in Figure 5 . Based on the spectra, there are bands observed at ca. 2850 and 2920 cm -1 . These bands were assigned to symmetric and asymmetric stretching vibrations of C-H of the silane molecules. The spectrum of Sil-OTS showed the most intense with highest C-H band intensities, follows by Sil-APTES while C-H vibration for Sil-MPTS can hardly be observed. This observation indicated that OTS having long alkyl chains in its molecule is expected to show higher amount of C-H vibration which reflects in its higher intensities. Between Sil-APTES and Sil-MPTS, with smaller size of APTES and MPTS, it can be seen that larger amount of APTES molecules have been functionalized by silicalite as compared to Sil-MPTS, since higher intensities of the C-H bands are shown by this sample. These FTIR results of the functionalized silicalite samples support the results obtained by FESEM. The BET surface area was measured to monitor the change of available surface area of calcined and functionalized silicalite.The successful functionalization of silane derivatives by silicalite can also be monitored by the surface area of the sample. BET surface area of the silicalite and the functionalized silicalite is shown in Table 5 . As can be seen from the table, the BET surface area of all functionalized silicalite decreased as compared to silicalite. This indicated that the silane derivatives have been successfully attached to the silicalite sample. The Sil-OTS showed the lowest surface area due to the bigger size of OTS that attached on the surface of silicalite, in such a way the molecules covered the pore of silicalite. APTES was also been substantially attached to silicalite as the surface area of the Sil-APTES has decreased significantly. On the other hand no significantly change in BET surface area for Sil-MPTS which can be concluded that only very small amount of MPTS molecules have been successfully functionalized by silicalite. This is the reason why the intensities of C-H vibration of Sil-MPTS can hardly been observed in its IR spectrum ( Figure 5 ).
4.0 CONCLUSION
Nanosiliceous zeolite of the type silicalite was successfully synthesized using hydrothermal method. The characterization using XRD shows the crystallinity phase of silicalite in nanometer size. The results from FESEM, FTIR and BET surface area have shown that silane derivatives of OTS and APTES have been successfully functionalized by silicalite while MPTS was unable to attach to silicalite. In this study APTES has shown a promising functionalized agent on silicalite surface as it contains primary amine group in its molecule that can further be reacted with luminol to produce luminol functionalized silica chemosensor application.
